INTRODUCTION
The main public health goal of prevention of HIV infection is to interrupt transmission and to improve treatment outcomes for individual HIV-infected patients. In the Netherlands, primary and secondary HIV prevention includes promotion of condom use, screening programmes for pregnant women and blood donors, routine testing of high-risk populations, early referral into care, and partner notification. [1] [2] [3] To optimise treatment outcomes for individual patients, HIV should be as early as possible but not later than at CD4 cell counts below 350/mm 3 . 4 Starting combination antiretroviral therapy (cART) at lower CD4 counts negatively affects prognosis as well as HIV transmission and healthcare costs. [5] [6] [7] The US Department of Health and Human Services (DHHS) HIV treatment guidelines, 8 which are adopted in the Netherlands, 9 strongly recommend initiation of cART at CD4 counts of 350-500/mm 3 based on clinical evidence, but based on expert opinion cART should also be considered for every patient with CD4 counts >500/mm 3 . And as it recently became apparent that starting cART in the early or even acute phase of Strengths and limitations of this study ▪ Nationwide, longitudinal cohort enabling data analysis over a 17-year period. ▪ Risk factors for presentation with late or advanced HIV disease. ▪ Late presentation declined significantly among men having sex with men, but not among heterosexual males and females. ▪ Co-infections with sexually transmitted infections were either not collected or incomplete and were excluded from the analysis.
infection improves clinical prognosis, more countries are expected to shift towards early recognition of symptoms of acute infection, early linkage into care and immediate treatment. 8 10 In 2012, an estimated 24 350 (20 420-31 280) people were living with HIV/AIDS in the Netherlands of whom 34% were either not diagnosed or diagnosed but not in care. 11 Of those diagnosed and in care, 54% was diagnosed late (CD4 counts <350/mm 3 ). 12 A study among HIV patients in Rotterdam identified heterosexual transmission, age of 50 years and older, and being of sub-Saharan African or Asian origin as factors associated with late diagnosis. 13 The authors showed that more than 75% of the patients before their late diagnosis already experienced clinical symptoms described as HIV indicator diseases (as published by 'HIV in Europe', an expert group that promotes early diagnosis and earlier care of HIV infections in Europe). 14 In the present study, we examined the state of late presentation (CD4<350/mm 3 , or AIDS-defining event regardless of CD4 count) and advanced HIV disease (CD4<200/mm 3 , or AIDS-defining event regardless of CD4 count) for all patients registered between 1996 and 2014 in the Netherlands. We also studied whether late presentation or advanced disease were related to specific demographic or socioeconomic variables.
METHODS
We analysed data from 'Stichting HIV Monitoring' (SHM, HIV Monitoring Foundation) from HIV-infected patients registered between January 1996 and June 2014 in 27 HIV treatment centres in the Netherlands (the ATHENA national observational HIV cohort). 12 Sociodemographic data (gender, age, region of origin, municipality, degree of urbanisation, socioeconomic status (SES), location of HIV diagnosis, HIV transmission route), and clinical data (CD4 cell counts at diagnosis or first entry into care, year of HIV diagnosis, CDC event at diagnosis) were included in the analyses. CDC events were classified according to the classification of the US Centers for Disease Control and Prevention. 15 CD4 count at time of diagnosis was defined as the first CD4 count within 3 months after diagnosis. HIV-infected patients were classified according to a consensus definition as presented by the European Late Presenter Consensus working group, 16 which defined late presentation if a patient is diagnosed with a CD4+ T-cell count <350/mm 3 or if a patient presents with a CDC-C event (AIDS-defining illness) regardless of CD4 count. Advanced HIV disease was defined as a diagnosis with a CD4+ T-cell count <200/mm 3 , or with a CDC-C event regardless of CD4 count. Baseline characteristics of these groups were compared with patients presenting 'timely or non-late' (CD4+ T-cell count >500/mm 3 and no AIDS-defining illness).
Ethnic groups were categorised to reflect the main group of immigrants in the Netherlands, based on country of birth of the patient. The location where patients were tested and diagnosed with HIV was available from 2008 onwards. In case location of diagnosis was missing, location of referral was used. A 'status score' computed by the Netherlands Institute for Social Research (SCP, available at: http://www.scp.nl) was used as a proxy for SES. This score takes into account the average income per household in a given postal code area as well as the percentage of households with low income, without paid job, and with low education level. Scores varied between −3.40 and +5.20 and were divided in five classes: very wealthy (lowest to −1.50), wealthy (−1.50 to −0.50), average (−0.50 to +0.50), less favoured (+0.50 to +1.50) and deprived (+1.50 to highest). Level of urbanisation was divided in five classes based on the average neighbourhood address density (NAD): highly urbanised (NAD>2500 or more addresses/km 2 ), urbanised (NAD 1500-2500 addresses/km 2 ), moderate urban (NAD 1000-1500 addresses/km 2 ), less urbanised (NAD 500-1000 addresses/km 2 ), rural (NAD <500 addresses/km 2 ). Patients were divided into 27 public health regions (areas covered by public health services) based on postal codes of the residence of the patients at the time of diagnosis (available from 2003 onwards), for Geographical Information System (GIS) analysis using the ArcGIS 9.3 software program. Choosing public health regions as level of analysis is more detailed than using provinces (n=12) and could potentially identify variation due to differences in prevention activities of the public health services.
Trends over time in late presentation and advanced disease for different transmission groups were analysed with the Cochran Armitage trend test for categorical variables. Risk factors for late presentation and advanced disease were analysed by univariable and multivariable logistic regression using the SAS V.9.3 statistical software program. Variables that showed an association of p<0.20 (Wald test, univariable analysis) were included in the multivariable analyses. Multivariable analyses with backward selection included variables with p<0.05 for the likelihood ratio test. As the current treatment guidelines strongly recommend cART for all individuals with CD4+ T-cell count <500/mm 3 based on clinical evidence, 8 9 the multivariable analysis was repeated for a larger group of patients, those with 'delayed presentation' (defined as having a CD4 count of <500/mm 3 or AIDS-defining event regardless of CD4 count) to examine if additional risk factors could be identified. Although the clinical relevance to identify patients with CD4 counts of 350-500/ mm 3 is smaller compared with patients with lower CD4 counts, identifying patients with CD4 <500/mm 3 remains important from the public health perspective to prevent further transmission of HIV. 17 
RESULTS

Patient characteristics
In total, 22 311 HIV-infected patients were registered into care in the Netherlands between 1996 and 2014.
Patients with HIV-2 (n=97), HIV-2/HIV-1 co-infections (n=61), and children under the age of 14 (n=550) were excluded from the analyses as patterns of CD4 counts at diagnosis might be different. For 20 965 (97%) of the 21 603 remaining patients, information regarding AIDS-defining illnesses and CD4 count at diagnosis or at first entry into care at the HIV clinic was available and were included in the analyses. The majority of these patients were men who have sex with men (MSM; 59%), of Dutch origin (57%), and living in an area with highest population density (53%; table 1).
Overall, 73% were 'delayed' presenters, 53% presented late and 35% had advanced HIV disease at diagnosis or entry into care. 'Timely' presenters (27%) had a median CD4 count of 640 cells/mm 3 (IQR 544-783) at diagnosis compared with 150 cells/mm 3 (50-270) for late presenters and 80 (30-155) for patients with advanced disease (table 1). Of the 7331 patients who presented with advanced disease, 26% had AIDS at time of diagnosis. Patients presenting late or with advanced disease were more often diagnosed in a hospital, while patients presenting timely were more often diagnosed at an sexually transmitted infection (STI) clinic.
Percentages of late presentation by main transmission group and region of origin are shown for recent years in figure 1. MSM overall showed the lowest percentages of late presentation, but still varying from 31% for Surinamese MSM to 54% for South-East Asian MSM. Highest percentages of late presentation were found among heterosexuals from South-East Asia (women: 79%, men: 73%), sub-Saharan Africa (women: 63%, men: 73%) and Surinam (women: 64%, men: 69%). A large difference was observed between Dutch heterosexual men and women, with 60% of men and 36% of women presenting late.
Trends
Median CD4 counts at time of HIV diagnosis of the total study population increased significantly from 240 cells/ mm 3 in 1996 to 410 cells/mm 3 in 2013 ( p<0.001). The overall percentages of patients entering care late or with advanced disease declined significantly between 1996 and 2013 ( p<0.001); from 62% to 42% among late presenters and from 46% to 26% in patients with advanced disease. Trend analysis of late presentation by main transmission group showed a significant decline for MSM, from 59% (n=274) in 1996 to 33% (n=205) in 2013 ( p<0.001), but not for heterosexual males ( p=0.08) and females ( p=0.73; figure 2) with 72 respectively 57 cases in 2013. Stratification by age groups at time of diagnosis (<30, 30-49, >50 years) showed a significant decline of late presentation for each age group among MSM ( p<0.01), but for none of the age groups among heterosexuals (data not shown). Trends were very similar for advanced HIV disease and are therefore not shown.
Factors associated with presenting late or with advanced disease Patients diagnosed in recent years (>2008) had lower odds of late presentation (adjusted OR (aOR) 0.55; 95% CI 0.51 to 0.59) compared with patients diagnosed before 2008 (table 2) .
Younger patients (<30 years of age) had lower odds of late presentation compared with [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] year olds (aOR 0.63, CI 0.59 to 0.68), but being older than 50 years of age was associated with increased odds of late presentation (aOR 1.46, CI 1.33 to 1.60).
Heterosexual men (aOR 1.59, CI 1.44 to 1.75) and injecting drug users (IDUs; OR 2.00, CI 1.69 to 2.38) were more likely to present late compared with MSM, but heterosexual women had similar odds (aOR 0.98, CI 0.89 to 1.08). Yet, it should be noted that although heterosexual males are more likely to present late compared with MSM, in absolute numbers the majority of late presenters in the Netherlands are MSM. Similarly for age groups, although being aged >50 years was associated with greater odds of presenting late, the median age of late presenters was 37 (IQR 30-45), so half of the late presenters were aged 37 or under.
In addition, patients originating from South-East Asia (aOR 2.14, CI 1.80 to 2.54), sub-Saharan Africa (aOR 2.11, CI 1.88-2.36), Surinam (aOR 1.59, CI 1.37 to 1.84), the Caribbean (aOR 1.31, CI 1.13 to 1.53) or Latin America (aOR 1.23, CI 1.04 to 1.46) were more likely to present late compared with patients of Dutch origin. Late presentation was also more common in patients who were diagnosed with HIV in a hospital (aOR 3.27, CI 2.94 to 3.63), a general practitioner (GP; aOR 1.66, CI 1.50 to 1.83) or through antenatal screening (aOR 1.76, CI 1.38 to 2.24). SES and population density were not associated with late diagnosis. Stratified models for MSM and heterosexuals showed similar risk factors for late presentation, which was also illustrated by non-significant interaction terms for transmission category with other variables in the overall model including all transmission groups.
The models for advanced disease (table 2) and 'delayed' presentation (not shown) showed the same risk factors with highly similar aORs. However, in the last model, a small association for population density was observed: patients living in an average-urbanised or less-urbanised area had slightly higher odds of presenting 'delayed' (aOR 1.17, CI 1.02 to 1.34 and aOR 1.19, CI 1.03 to 1.38, respectively) compared with patients living in a highly urbanised area.
Regional differences
Geostatistics using GIS software was used to provide insight in regional variability in proportions of late diagnoses for the 27 public health regions in the Netherlands in recent years, for the total population (figure 3A) and for MSM separately ( figure 3B ). Public health regions with overall proportions of late presentation higher than 50% tended to be more located in the Eastern part of the country: 'Rivierenland', 'Drenthe', 'Gelderland' and 'Limburg-Noord'. For the first two regions, proportions of late presentation were also high for MSM. Seven regions, mostly in the West (including Amsterdam) or South of the Netherlands, showed proportions of late presentation of 40% or lower. With multivariable logistic regression, adjusting for other covariates, we examined whether regional differences could be explained by other factors, such as different distributions of transmission groups or ethnic groups, or whether differences were associated with (unidentified factors in) the region itself (table 2). The model was repeated for a recent period (2010-2014) to improve comparison with the geographic map; however, results were similar to the overall model using the complete database, but CIs were wider and the model fit was weaker (Hosmer and Lemeshow goodness of fit p<0.01). In multivariate model, only two regions had significantly higher odds of late presentation compared with Amsterdam (used as reference category due to larger number of patients): 'Rotterdam-Rijnmond' (aOR 1.12, CI 1.01 to 1.25, overall model) and 'Groningen' (aOR 1.23, CI 1.01 to 1.51, overall model, but also significant in the 2010-2014 model). Of these two regions, 'Groningen' showed the highest proportion of late diagnoses in the geographic map: 48%.
Two Southern regions 'Brabant-Zuidoost' (aOR 0.68, CI 0.78 to 0.82) and 'West-Brabant' (aOR 0.78, CI 0.63 to 0.97) had significantly lower odds of late presentation compared with Amsterdam (table 2) of which 'Brabant Zuidoost' was significant in both models. The proportion of late diagnoses in that region was 33% compared with 40% in Amsterdam.
DISCUSSION
Of the 20 965 HIV patients registered into care between 1996 and 2014 in the Netherlands, 73% presented 'delayed', 53% presented late and 35% had advanced HIV disease. Percentages of presenting late in the course of HIV infection were particularly high among heterosexual males, IDU, patients from sub-Saharan Africa, South-East Asia or Surinam, patients age 50 and older, and patients diagnosed in hospitals. In addition, certain regions in the Netherlands were associated with a higher risk for late presentation. Risk factors associated with advanced disease were highly similar in this study population, but groups are also overlapping.
One of the strengths of our study is the large number of patients included from a non-selective nationwide, longitudinal cohort, which made it possible to study regional differences as well as time trends over a 17-year period. Also, the quality of the data is high: for 97% of the eligible patients CD4 counts at diagnosis or first entry into care and information on AIDS-defining illnesses was available. However, data were less complete for probable country of infection (73%) and location of HIV diagnosis (71%). Furthermore, variables shown to be associated with late presentation in other settings, [18] [19] [20] [21] [22] [23] such as education level or co-infections with STIs, were either not collected or incomplete and could therefore not be included in our analysis. As the importance of early cART initiation for clinical prognosis became more evident 10 and current treatment guidelines recommend the initiation of cART regardless of CD4 counts, 8 9 the overall proportions between 35% for advanced disease and 73% for 'delayed' presentation are very high. However, other European studies found comparable high proportions of patients presenting late, [18] [19] [20] [21] [22] [23] and risk factors of late presentation were very similar to those found in our study. In most studies, the likelihood of late presentation was lower for MSM compared with other risk groups. Although the overall proportion of late presenters declined over time in the Netherlands, this is mainly due to earlier diagnosis of HIV among MSM, but not among other risk groups. The decline in late presentation among MSM is likely the result of intensified HIV testing strategies, such as opt-out HIV testing at STI clinics and the encouragement of high-risk MSM to test for HIV every 6 months. 24 In addition, internet facilities for HIV testing and partner notification were established 25 26 that may have resulted in earlier diagnoses among MSM. 3 For heterosexuals, especially men and migrant populations, effective HIV testing strategies have been lacking and a more proactive offer of HIV testing in different healthcare settings is urgently needed to reduce the unacceptably high rates of late diagnoses. For example, HIV screening among patients with tuberculosis (TB) should be improved, as for only 51% of all patients with TB in the Netherlands in 2013 the HIV status was registered, 27 while the Dutch TB guideline recommends HIV screening for all patients with TB. Furthermore, asylum seekers and refugees are only routinely screened for TB, whereas guidelines in the USA and Canada recommend that all asylum seekers and refugees from HIV-endemic countries should be screened for TB, HIV and hepatitis B. 28 29 The high HIV prevalence among pregnant asylum seekers from sub-Saharan Africa underlines the importance of offering all newly arriving asylum seekers from high prevalence areas a voluntary HIV test. 30 Women in the Netherlands may have benefited from antenatal screening, in which HIV is routinely tested, 31 since the odds of late presentation for women were comparable to MSM.
As one-third of all HIV infections in the Netherlands are diagnosed by GPs, 1 GPs could play an important role in earlier detection of HIV in specific risk groups. However, GPs tend to have a restrictive policy in offering HIV tests, 6 32 in particular in areas with a low reported HIV prevalence. Recently, the GP guideline for STI/HIV testing 33 was adjusted to an indicator condition-guided testing strategy 14 34 including targeted testing of highrisk populations such as people from HIV-endemic areas. Besides ethnic background of patients, we were not able to identify clear associations for socioeconomic factors with late presentation such as low education (not collected), and low SES (not significant). 18-23 35 36 Only a small association with 'delayed' presentation was observed for living in less-urbanised areas. In those areas or in areas with low HIV prevalence, the risk for late diagnosis might be higher as GPs may not recognise HIV infections in their practice and people in those areas may be less aware of risks of HIV transmission. This highlights the need to start indicator conditionguided HIV testing in GP practices across the Netherlands. Furthermore, an additional testing strategy could help to reduce the number of undiagnosed HIV patients and patients with more advanced disease, that is, if GPs would offer opt-out HIV testing in all practices located in high prevalence areas (>2 infections/1000 inhabitants) to their newly registered patients or anyone receiving a blood test. 37 38 Patients diagnosed in hospitals had the highest odds of presenting late or with advanced disease, which likely illustrates patients who appear with aids-defining events in a hospital and were then tested for HIV. However, HIV indicator condition-guided testing should also be implemented in all hospitals if not already done. Furthermore, direct referral to an HIV treatment centre after diagnosis is needed as a Dutch study showed that 31% of newly diagnosed patients entered HIV care with a delay of >4 weeks, 39 and 16% were not registered in care at the end of follow-up (>2 years). Patients who were younger (<25 years of age), with non-Western ethnicity or no health insurance were more likely to enter care late after HIV diagnosis as well as those being referred indirectly. The authors concluded that testing those at risk is not sufficient in the Netherlands, but timely entry into care needs to be assured as well. For patients of 50 years and older, early detection and referral has additional importance since these patients tend to have higher mortality rates in the first years of treatment. 40 In general, older people may perceive themselves at lower risk than younger people, but also healthcare providers may consider HIV testing less often in older patients.
In conclusion, our results can be used to contribute to current efforts to improve HIV testing practices in the Netherlands to prevent late HIV diagnoses and reduce the proportions of undiagnosed. Subsequently, this may result in improved treatment outcomes, 10 41 and less ongoing transmission. In a country where cART is widely available and highly accessible, the high proportions of late presenters are staggering and need to decline. This can only happen if populations at risk are aware of their risks and have themselves tested for HIV, and if indicator condition-guided HIV testing becomes part of routine care in various settings. Targeted programmes to reduce late HIV diagnoses are therefore needed for all risk groups in the Netherlands, but heterosexual males, migrant populations, people older than 50 years of age, and certain regions need special priority.
